Purpose: The aim of this study was to investigate the effect of performance transparency and individualized feedback on pharmacy technician compliance with barcode verification technology during inpatient order preparation. Methods: Following the incorporation of barcode scanning technology into the workflow of pharmacy staff, a multiphasic intervention was employed to promote its use. The intervention included verbal feedback and publically posting performance metrics to increase accountability. An interrupted time-series analysis was conducted to ascertain trends and levels in the percent of orders that were dispensed using barcode verification, before and after the study intervention. Analyses were conducted by shift and overall for pharmacy workers in a single satellite pharmacy. Results: A significant increase in percent scanned orders was observed immediately following the intervention in our analysis of all pharmacy workers (+14.4%; P = .045; 95% confidence interval [CI]: 0.35-28.4). In the analysis of each shift, statistically significant increases in percent scanned orders were observed immediately following the intervention for both the evening shift (+5.1%; P = .024; 95% CI: 0.70-9.6) and the night shift (+29.9%; P = .025; 95% CI: 3.9-55.9), but not the day shift (+2.6; P = .707; 95% CI: −11.1 to 16.2). Conclusion: Increasing transparency of individual and team performance metrics in conjunction with targeted feedback is an effective intervention to improve compliance with barcode scanning technology.
Introduction
Preventable medication errors remain a prominent problem among health care institutions that often lead to negative outcomes and excessive health care costs. 1, 2 It has been estimated that inpatients experience, on average, 1 or more medication errors during each day of hospital admission, and as many as 1 in 3 adverse outcomes occurring in hospitalized patients has been attributed to adverse drug events. 3, 4 The Institute of Medicine's 1999 report, "To Err Is Human," cited the inpatient medication use process as an area of health care delivery from which many preventable mistakes arise. 5 Each phase of drug distribution-ordering, transcribing, selection, preparation, dispensing, administration, and monitoring-poses a risk for inaccuracies to occur that may ultimately result in patient harm. 6 Efforts to promote exactitude throughout these processes have prompted the implementation of barcode scanning technology across health systems nationwide.
Barcode verification has been employed in inventory, preparation, and dispensing procedures with promising results. Wang et al demonstrated that implementing this technology during drug selection could significantly reduce error rates compared with mere visual checking (−0.07% error rate; P = .008). 7 An observational study conducted in a tertiary care facility, in which 14 041 medication administrations and 3082 order transcriptions were assessed, exhibited a 41.4% relative reduction in errors (P < .001) after barcode scanning implementation. 8 In an additional study, a greater than 90% relative reduction in the incidence of pharmacy dispensing errors was observed when barcode scanning was employed (P < .001). 9 In light of data supporting the use of this technology, the American Society of Health-System Pharmacists published a statement corroborating the use of these systems to improve safety during inpatient care. 10 Despite the large body of evidence supporting the effectiveness of barcode verification systems, implementing this technology may pose unique operational challenges that limit its intended benefits. For instance, when incorporated into "manual pick" processes, where pharmacy technicians manually select orders from static shelving, the additional workload imposed by scanning may encourage workarounds, in which barcode scanning is bypassed altogether. Properly motivating and incentivizing staff to embrace such valueadded steps to workflow is a challenge facing all pharmacy leaders.
Several published studies suggest that workplace performance can be improved among pharmacy personnel through data transparency. In a short-term before-and-after study, Bell et al demonstrated that formally notifying inpatient pharmacists of individualized performance metrics could significantly reduce the rates of pharmacist-related medication order entry errors. 11 In a similar study, display of a quality-assessment dashboard indicating individualized performance of pharmacists resulted in greater adherence to institutional policies. 12 Despite these findings, additional studies are needed to elucidate whether transparency of this sort can produce sustained, long-term effects. Furthermore, these investigations exclusively focused on providing individualized, not team-based, metrics. The most effective means of providing feedback to pharmacy workers, whether public, private, written, or verbal, has yet to be established.
Our objective was to determine the immediate and sustained effect of a multifaceted intervention on pharmacy technician utilization of barcode scanning technology. The study intervention consisted of displaying individualized and team-based metrics on the use of barcode scanning among pharmacy technicians, as well as verbal follow-up regarding performance.
Background
The Johns Hopkins Hospital is a 1194-bed, tertiary care academic medical center located in Baltimore, Maryland. The Pharmacy Department has established a satellite drug distribution model wherein a central pharmacy performs automated dispensing cabinet replenishments, batch compounding, and 24-hour cart fill services for all adult inpatients. Three satellite pharmacies (ie, Oncology, Critical Care and Surgery, and Adult Inpatient) dispense first-dose, as needed (prn), chemotherapy, and high-cost (>$500) medications; the pharmacies are geographically proximate to nursing units and service specialized patient populations.
The study described occurred in the Adult Inpatient pharmacy, which services over 500 inpatient beds across 23 nursing units, including Internal Medicine, Psychiatry, Neurology, Rehabilitation, Obstetrics, Gynecology, as well as the Adult Emergency Department. The medication preparation and dispensing process predominantly consists of manual selection. Pharmacists visually inspect the final products prepared by technicians prior to dispensing/delivery to the unit.
Following implementation of the Epic (Verona, Wisconsin) electronic medical record, "Dispense Prep" barcode scanning functionality was implemented for all sterile compounded products and certain high-risk medications (eg, insulin, etc). Dispense Prep is a function within Epic that allows technicians to verify correct drug selection through barcode scanning. Pharmacy technicians are able to confirm product selection through first barcode scanning the Epic-generated order and then barcode scanning the medication to confirm both the correct quantity and medication. Both pharmacists and technicians are able to perform this function within Epic; however, pharmacy technicians perform the majority of dose preparation and are the primary users of Dispense Prep.
Through an internal Quality Improvement and Safety (QIS) committee, consisting of pharmacists, technicians, local management, and our Medication Safety Officer (MSO), a goal of barcode scanning 85% of all doses dispensed from the pharmacy was identified. A goal greater than 85% was not assigned because Epic was not configured to recognize barcodes on particular drug products. Over the course of several meetings with the team, several workflow factors were identified and remediated, including the location and quantity of barcode scanners. Promise of a technician-only celebration incentivized staff to achieve the set goal within 1 week of implementation.
Following implementation, local management and the MSO utilized an existing Epic Reporting Workbench report to capture daily barcode scan rates. The MSO and Operations Manager subsequently developed more in-depth reporting, which enabled differentiation of scanning into shift assignment (ie, day, evening, and night) as well as assigning of barcode scanning volumes to individual pharmacy technicians.
Methods

Intervention
Throughout the first week of barcode scanning implementation, it became evident that technician compliance rates of 85% were not being achieved. As a quality improvement initiative, a multifaceted intervention was employed to improve adherence ( Figure 1) . Initially, pharmacy administrators announced in staff meetings that poor compliance had been observed among the night shift pharmacy technicians, but that day and evening shift workers were meeting goals. In addition, overall barcode scan rates, broken down into shift, were prominently displayed within the pharmacy as portrayed in Figure 2 . A "leaderboard," which contained each technician's individual scan volumes, was also prominently displayed to increase personal accountability (Figure 3) . Administrators individually approached poor-performing technicians to reinforce the importance of adherence to the new technology. Collectively, our intervention was executed over the course of 10 days. Announcements at the QIS meeting and technician staff meeting were made on days 1 and 3 of the intervention period, respectively, and the leaderboard and overall compliance dashboard were implemented on day 10 of the intervention.
Study Design/Statistical Analysis
All data were collected from our institution's electronic medical record system, Epic, from April 6, 2017, to June 18, 2017. Variables used to calculate compliance with barcode scanning included order date (ie, time, day, month, year), dispense code (an indicator of dosage form), order name (name of drug), and dispense preparation identifier (indicated pharmacy staff member associated with order preparation).
An interrupted time-series (ITS) design was utilized to investigate compliance with barcode verification for all drugs dispensed throughout the study period. ITS is an observational research method that utilizes a sequence of observations, collected at regular intervals, to measure the impact of an intervention. 13 The ability to detect an immediate change in the level and trajectory of an outcome is a distinctive strength of this model. These qualities also enable determination of whether the study intervention produced sustained effects over time. Graphical depictions of the analyses are easily plotted, and permit observation of percent scanned orders among day, evening, and night shift workers.
Segmented linear regression, a form of ITS, was used to estimate trends and levels of compliance with the technology before and after the study intervention. 13 We assigned the first date at which the intervention was initiated as the "intervention time" in our model. Designating an "intervention time" later than when the intervention was truly initiated (eg, at the end of the intervention) would have potentially introduced bias, as data influenced by the intervention would be included in the preintervention segment of the regression. Overall effects were measured for orders filled during the day, evening, and night shifts in the primary analysis. In a stratified analysis, the same method was carried out for each shift individually.
Elements of the "order date" variable were used to generate a sequential "shift" variable that corresponded to day (07:00-2:59), evening (3:00-10:59), and night (11:00-06:59) shifts. The "dispense preparation identifier" variable was utilized to create an indicator of orders that were scanned by pharmacy staff during dispense preparation. This indicator was used to calculate a cumulative sum of orders scanned per shift, which was subsequently divided by the total number of orders dispensed by the pharmacy per shift. This process yielded our outcome variable-percent scanned orders. All data management and statistical analyses were carried out using StataMP (version 15.0; StataCorp LP, College Station, Texas).
Results
In the primary analysis of combined day, evening, and night shifts (Table 1) , a significant increase in percent scanned orders was observed immediately following the intervention (+14.4%; P = .045; 95% confidence interval [CI]: 0.35-28.4). This increase in scanning compliance was sustained throughout the study, as demonstrated by a nonsignificant difference in the estimated rate of percent scanned orders per shift from before to after the intervention (+0.08% per shift; P = .823; 95% CI: −0.64 to 0.81). The predicted baseline value of percent scanned orders was 72.9% (95% CI: 58.7-87.0). A graphical depiction of this analysis is portrayed in Figure 4 .
In the stratified analyses of the day, evening, and night shifts, the predicted baseline values of percent scanned orders in our model were 74.5 (95% CI: 66.3-82.7), 88.3 (95% CI: 84.1-92.5), and 50.4 (95% CI: 19.3-81.4), respectively (Table 2) . A statistically significant increase in percent scanned orders was observed immediately following the intervention for both the evening shift (+5.1%; P = .024; 95% CI: 0.70-9.6) and the night shift (+29.9%; P = .025; 95% CI: 3.9-55.9; Figure 5 ), but not the day shift (+2.6; P = .707; 95% CI: −11.1 to 16.2). Significant changes in the evening and night shifts were sustained throughout the study period. No other significant findings were observed. To facilitate interpretation of the parameters measured in our regression, please refer to an annotated version of Figure 5 , which has been added as a supplement.
Discussion
Facilitating change in staff behavior may pose a significant challenge to pharmacy administrators. Our results suggest that publically posting individual scan volumes and scan percentage by shift as well as providing verbal feedback served as an effective means of producing rapid, sustained adaptation to workflow changes. Prior investigations have demonstrated that the unilateral approach of providing feedback on an individual basis can produce short-term, marginal improvements in performance metrics. 11, 12 In contrast, our study exhibits that the delivery of individual and team-based performance metrics, when coupled with verbal feedback, produces sustained improvements in targeted behaviors.
When incorporating barcode verification into pharmacy workflows, barriers such as training requirements, technology complexity, and staff resistance may make the transition difficult.
14 The success observed in this trial may be attributed in part to the collaborative atmosphere of the pharmacy in which the study took place-both pharmacists and technicians were included in the process of setting goals and brainstorming means of facilitating changes. Furthermore, the intervention likely mitigated staff resistance by engendering a culture of personal accountability and teamwork.
Our study has several limitations. First, a major assumption of ITS design is that the intervention included in the analysis occurs at an instantaneous point in time. As our intervention spanned several days, the relative impact of each of its components could not be established. Second, given the observational nature of our study, causal inference could not be deduced. Changes observed may have been pursuant to unaccounted confounders or chance rather than our intervention.
Third, our study was a quality improvement initiative undertaken at our institution and was not initially designed for research purposes. A power analysis was not conducted a priori to establish a sufficient baseline period to detect effects of smaller magnitude. Consequently, our data were limited by the quantity of observations available during the preintervention period, making it only possible to detect relatively larger statistically significant differences in the outcome measure. Fourth, technological challenges precluded some drugs/preparations from being successfully scanned into the barcode verification system. A lack of qualitative information in this regard limited our capacity to differentiate between dispensed products that were not scanned due to technological barriers, and products that were not scanned due to workarounds. This limitation also restricted our ability to determine why the intervention seemed to affect the night and evening shift workers more so than the day shift workers. Fifth, the times that technicians worked often overlapped between day and evening shifts from 02:30 to 03:30. This obscured extrapolation of the data in the dashboard to individual staff members, particularly those working varied shifts. Presenting more robust personal data may have been more meaningful to staff and, in turn, produced greater changes in the primary outcome.
Due to the reporting structure in Epic, performance data could not be attained for dashboard display until a lag period of 24 hours had passed. As a result, staff were unable to see their performance data in real time. The reporting and formatting of this data was a manual process and required significant time to develop and post each day. Consequently, a weekly update process has replaced daily reporting since the time of this study. The transition to weekly data display has not resulted in any substantial differences in observed scan rates for any shift. In addition, existing reports only allot a limited analysis of performance. Our report allows us to identify which technician scanned a drug during the dispensing process, but not the number of times each technician failed to scan a drug. Data regarding the promptness of preparation were also unavailable. Another potential option would have been to simultaneously implement the Epic Dispense Check functionality, which was not employed due to QIS member feedback. It is possible that similar results The tactic of publically posting team and individual performance data can be applied to any new initiative undertaken by the department. Further reports are being developed to enable safety reporting on incorrect Dispense Prep drugs, override rates, and look-alike, sound-alike medication errors. Several Epic barcode issues were identified and subsequently corrected as a result of this project. Therefore, conducting similar quality improvement studies is expected to illuminate additional correctable issues relevant to the area being investigated.
Future studies are needed to validate our results and explore whether performance transparency is capable of facilitating change in other pharmacy operations. Quantifying and communicating personnel performance holds great promise in motivating pharmacy staff to achieve meaningful goals and, in turn, promoting delivery of high-quality pharmacy services.
Conclusion
Our strategy of displaying individual and team performance metrics and providing targeted feedback to staff appears to be an effective intervention in improving compliance with barcode scanning. Further studies are needed to validate this quality improvement approach in additional settings.
